traplate tectonic point of view, the Antarctic plate is characterized by a stable and quiet behavior. The seismic activity remains located on the plate boundaries [Okal, 1981] To sum up, the aim of this study is to assess the level of rigidity of the Antarctic plate, to compare its overall motion to the Nuvel-lA model, and to detect horizontal crustal deformations due to past and present-day deglaciation. First, we shall give a detailed presentation and discussion of our data analysis. Second, the quantitative results will be described. Readers interested mainly in this second part can proceed and read it directly. 
Data Analysis
GPS data processing in Antarctica suffers from several specificities of this area of the xvorld and benefits from a few of them. On the one hand, the size of the continent, the sparse network, and ionospheric activity considerably increase the difficulty of, the task. On the other hand, the extreme dryness of the atmosphere and the unusually long satellite orbital arcs create more favorable conditions. All the data have been processed with the GPS scientific software GAMIT 9.1, developed at Massachusetts Institute of Technology (MIT).
The current version of this software is an evolution of the first version described by Kin# and Beck [1993] . GAMIT uses both carrier phase and pseudorange observables. The most precise information can be obtained by the carrier phase, but with ambiguities on the integer number of wavelengths. An unambiguous signal can be obtained by fixing these real numbers to the most probable integer value. The success of this step depends essentially on the quality of the signal and the length of the baselines. It is usually considered that this procedure is valid for baselines under 500 to 700 kin. In Antarctica the ionospheric activity, which is especially high, introduces an additional noise which, under some circumstances, can produce cycle slips or prevent the signal recording itself. Using the ionosphere-free linear combination of two frequencies can help to remove the first-order of this ionospheric noise but results in an accentuation of the nondispersive noise. The lengths of the baselines of our netxvork, between 1000 and more than 10,000 kin, make ambiguity fixing impossible. All the solutions presented in this study leave the ambiguity nonfixed.
The considerable length of the baselines in the Antarctic network also reduces the quantity of double difference data (two satellites, two stations) which can be used for the GPS inversion. In this respect the introduction of Amundsen station increased the average number of double differences from 120 to 136 and significantly contributed to the improvement of the repeatability after August 1998. We have chosen the elevation cutoff angle as a tradeoff between the amount of data finally used in the processing and the relative accuracy. Tile geometry of the apparent orbits of the satellites over the South Pole, for positions at the Earth's surface below 60øS, is rather exceptional. Satellites avoid the zenith, remain for a long time at very low elevation, and make up for a bad zenithal distribution with a very good azimuthal layout. The elevation cutoff angle we used is 15 ø . This allows us to keep as much data as possible and to free ourselves from ionospheric and tropospheric noise coming from the lowest layers of the atmosphere.
Because of the length of the baselines in our network, the accuracy of our positioning is greatly influenced by the orbit accuracy, according to a direct proportional law. We have used the IGS precise combined orbits, which were available since the beginning of our analysis. A comparative study demonstrated that their precision is weaker over the Southern Hemisphere, because of the lack of IGS tracking stations. Nevertheless, the preci- For our GPS inversion we have used a priori position. s provided by the ITRF 96, when they exist. The weekly solutions currently used in IGS-type global processings introduce a smoothing effect in the time series. Since our intention is to obtain successive positions as disconnected as possible in time and independent of geodetic constraints, we have chosen to process only daily solutions (24-hour sessions).
Reference Frame
In our daily GPS processing, the a priori station positions are loosely constrained (100 m). Therefore the only constraint to a well-determined reference frame is implicitly provided by the fixed IGS orbits. This reference frame is absolute but arbitrarily defined and changes from day to day. In order to use the coordinates derived from our daily solutions for geophysical interpretation, we need to transform all our free solutions into a consistent and well-identified reference frame (ITRF 97) valid for the time span of our analysis.
Reference Stations
An optimal approach to express our free network in the ITRF is to select a subset of reference stations. Our daily positions on these stations and the ITRF 97 positions are constrained to be the same. For these stations at least, this implies that we assume a more or less linear The main difference is that this strategy produces usable resuits on the reference stations too, as their positions are not dependent any longer on ITRF values. In both cases nevertheless, using a Kalman filter leads to adjustments on the baselines, introducing an internal distortion in the network. These techniques will be especially sensitive not only to the choice of reference sites but also to data outage at the reference stations. For these reasons we have not used a Kalman filter method but a method of transformation, as described now.
Seven-Parameter
Transformation and
Coordinate Set Comparison
Another strategy is to transform sets of coordinates from the GPS analysis with a seven-parameter transformation. We have used the CATREF 1.1 software developed by Altamimi [1997] with the initial purpose of combining space geodetic solutions in positions or in both positions and velocities to produce ITRF solutions. Sets of coordinates from various spatial techniques are compared using a seven-parameter transformation, with a least squares adjustment. In our analysis we first determine transformation parameters by comparing day by day our free GPS solution with the ITRF corresponding solution. The seven-parameter transformation is then applied to our daily GPS free solutions, in order to realize a consistent reference frame for the entire duration of our time series. Unlike most studies transforming GPS coordinate sets into a reference frame, the different individual solutions are weighted using full variance-covariance matrices of the two sets in the least squares process. The station positions themselves are not exactly constrained, but the sites can be more or less weighted within the network for the sevenparameter estimation. We realize one transformation of the GPS free solution with the corresponding sevenparameter set for each individual daily session. Thus we obtain as many solutions as 24-hour sessions, which are as disconnected as possible from the ITI•F constant velocities. We use this strategy in a day by day approach, estimating positions for every day of our series, without any estimation of velocities. This transformation strategy offers two noticeable advantages over the Kalman filter method. First, the global network geometry remains unchanged, as the seven-parameter transformation does not disturb the baselines. For this study we have selected this reference frame realization strategy, using a daily seven-parameter transformation and Hobart, Kerguelen, and Santiago as reference stations. One could basically achieve a similar type of analysis using the GLOBK/GLORG software, as described in its latest release. From the daily coordinate sets transformed into the reference frame, we obtain new time series allowing us to extract linear velocities and short-term behavior for every site. These rates are estimated for each station, independently from the behaviors at other sites, by using simple linear regression.
Reference
Frame: ITRF 97
Another relevant question is the choice of the reference frame itself, to transform our free solution. The IGS orbits were kept fixed all along our GPS processing and transformation into the reference frame. The implicit reference frame defined through the IGS or- vision and the edition of peculiar data sets. This reprocessing leads to reincorporation of a significant amount of data (otherwise rejected by automatic procedures). Therefore, although it may come from the same original records, our final data set is cleaner and contains more information than the global sets of solutions. A considerable increase of the strength and precision of our solution is finally obtained.
Results
The 4 Table 2 . The uncertainties given in this table are of two different types. The 95% confidence limits on the velocities correspond to white noise assumption on the station behavior and are clearly underestimated. We also indicate the uncertainties corresponding to the differences on the horizontal rates obtained by using different ways of tying our free network to a reference system, as described previously. They are larger than the formal uncertainties but reflect the precision we can expect from our analysis in a more realistic way. Table 4 
